of other staining methods, including immunohistochemical techniques.
Mounting small biopsy specimens on cucumber slices allowed for easier manipulation and visualization of tissues. This procedure enabled specimens that were too small to manipulate to remain intact during processing and embedment. In addition, the cucumber slice served as an aid for proper orientation of the specimen. Albumin was not used for adherence of the specimen to the cucumber, as has been reported. 5 Utilization of the end paper during processing ensured adhesion of the specimen to the cucumber and serves as a small field to work in while embedding. This procedure can be employed for virtually any tissue specimen for which proper orientation or loss of a specimen during processing is a concern.
Acknowledgements. We thank Robin Olmscheid and Tom At the time of sampling, the biopsy specimen was mounted References on a cucumber slice using a dissection needle. Because the cucumber-biopsy unit was embedded on edge, the biopsy was placed near the edge of the cucumber slice ( Fig. 1 ). One drop of 0.5% aqueous solution of merbromin was placed on the cucumber-biopsy unit for visualization of the biopsy specimen. The cucumber-biopsy unit was then wrapped in a piece of end wrap paper (normally used for wrapping hair), placed in a tissue processing cassette, fixed in 10% neutral buffered formalin, and processed by routine methods for paraffin embedment. The cucumber-biopsy unit retained some of the merbromin for visualization of the biopsy on the cucumber, thus allowing for proper orientation of the biopsy specimen in the paraffin block ( Fig. 2) .
Cucumber was seen at the base of biopsies; however, little stain was retained in sections of cucumber. Sections can be stained by routine hematoxylin and eosin staining or a variety Received for publication October 12, 1995. broodstock and use of only non-BKD-infected broodstock may significantly decrease the incidence of BKD in offspring, because the disease is thought to be most commonly transmitted vertically. 2 In this paper, we report on a method of successful identification of BKD-infected salmonid broodstock using renal biopsy as a nonlethal sampling method.
Ten effete 4-5-year-old steelhead (Oncorhynchus mykiss) broodstock (9 males, 1 female) with a mean length of 71.4 cm (range, 55-77 cm) and mean weight of 2.75 kg (range, 1.85-3.5 kg) were randomly selected for this experiment. The fish were netted from the raceway and immediately placed in a 440-liter tank containing an anesthetic dosage (50 mg/ liter) of tricaine methanesulfonate. a Anesthetized fish were placed on a V-shaped surgical table in right dorsolateral recumbancy. Using sterile surgical procedures, the operculum was draped with sterile gauze held in place using tissue forceps. The gills and operculum were retracted cranially. A 1.0-1.5-cm surgical incision was made in the left lateral region of the pharynx lateral to the last branchial arch and medial to the cleithrum, 4 the concave semicircular bone that supports that portion of the pharynx. The biopsy instrument b was placed into the surgical incision and blindly directed caudodorsally through the pericardial sac and into the cranialmost aspect of the kidney tissue. The biopsy forcep was then closed, removing a small sample of kidney tissue (approximately 1.0-1.5 mm 3 ). An impression smear was made of the fluid from the lateral surface of the biopsy forceps and examined microscopically for the presence of melanin granules to confirm the presence of renal tissue within the biopsy forceps ( Fig. 1 ). This previously described technique has been shown to be an effective method for determining the presence of kidney tissue because of the abundant melanin within salmonid kidneys. 6 The tissue was removed from the forceps and blotted on sterile gauze sponges, and a impression smear was made on a 10-well teflon-coated microslide for fluorescent antibody (FA) evaluation. The kidney tissue was placed in 10% neutral buffered formalin solution for histopathologic and immunohistochemical evaluation. The surgical incision was closed using 3-0 nonabsorbable suture material c with a simple interrupted pattern. One to 2 sutures were required for closure of the surgical site. The site was then sealed with a surgical adhesive. d Fish recovered in a 210-liter tank of fresh water and then were returned to the raceway. The entire surgical process took an average of 8 minutes per fish.
Fluorescent antibody testing was performed fallowing air drying of the microslides and fixation with acetone at room temperature (25 C) for 10 minutes. Ten microliters of a 1:40 dilution of fluorescein isothiocyanate-conjugated rabbit anti-R. salmoninarum serum e was added to the slides and allowed to react for 10 minutes at 25 C. Slides were rinsed, washed for 2 minutes in phosphate-buffered saline, and air dried. Slides were coverslipped and examined with an oil immersion objective. A light fluorescence microscope with a mer- cury vapor lamp and a 515-nm barrier filter was used. Test samples were compared with known negative and positive controls, and the results were recorded as positive or negative.
Direct immunohistochemical procedures were performed as previously described, 3, 5, 10 Paraffin-embedded tissue sections were deparaffinized in an oven followed by 3 changes of toluene for 5 minutes each, 2 changes of 100% ethanol for 3 minutes each, and 2 changes of 95% ethanol for 3 minutes each. Slides were then rinsed in running water and incubated overnight in 5% hydrogen peroxide to remove melanin pigments. Slides were incubated in a moist chamber for 30 minutes with normal swine serum (1:5). The peroxidaseconjugated primary antiserum (polyclonal goat anti-R. salmoninarum) e was applied directly to the slides (1:50) and incubated for 20 minutes in a moist chamber. Slides were then incubated with 0.026% AEC (3-amino-9-ethyl carbazol) in 0.1 M acetate buffer for 40 minutes and counterstained with Mayer's hematoxylin. Slides were washed 3 times in Tris buffer between each of the above steps. Slides were coverslipped with a glycerin-based mounting medium. f Negative and positive control slides were processed with each procedure. Slides were subjectively evaluated and given a score of 0, +1, +2, or +3, based on the staining intensity (Figs. 2, 3) .
Histopathologic processing was performed in a routine manner, 8 and tissues were embedded in paraffin. g Five-micrometer sections were stained with hematoxylin and eosin (HE) using previously described methods. 8 Ten days following the surgical procedure, the surviving fish were netted from the raceway and euthanized for necropsy. At necropsy, all fish were examined for lesions associated with the surgical procedure, and tissues involving the surgical site were collected for histopathologic evaluation as described above.
One of the 10 fish died immediately following surgery and another fish died on day 7 following the surgical procedure; the remaining 8 fish were alive 10 days following the surgical procedure. The results of the FA test on the 10 fish showed that 4 were positive for BKD. These results were confirmed by direct immunohistochemistry evaluation (≥ +1 staining intensity). Histopathologic evaluation of the renal biopsy tis- sue samples (Fig. 4) confirmed the presence of renal tissue in samples from 8 of the 10 fish. The remaining 2 biopsy samples consisted of heart. Histologic lesions indicative of BKD were not observed in any of the renal biopsy tissue samples. No abnormal clinical signs were observed during the 10-day period, and gross examination revealed complete healing of the surgical site. In 2 of the 9 fish that survived past the first postsurgical day, the surgical sutures were absent, and in 4 of the 9, a single small (< 2 mm) fibrous adhesion was noted on the capsular surface of the liver. A small area (< 4 mm) of fibrosis was observed in the renal tissue at the biopsy site in all fish. No other gross lesions were observed. Microscopic evaluation of the surgical site of the lateral pharynx was indicative of first intention healing. 7 Microscopic evaluation of the tissue sections taken at necropsy revealed a histiocytic interstitial nephritis in 3 of the 4 fish that were positive for BKD by FA and direct immunohistochemical evaluation. This histiocytic interstitial nephritis, suggestive of BKD, is similar to that previously reported. 9 However, histopathologic changes are not always confirmatory of this disease. Following necropsy, no other microscopic lesions were observed in tissue sections of kidneys, liver, gills, or heart from any of the 10 fish.
Although previous techniques have been used to sample renal tissue in a nonlethal manner, 6 this is the first description of a kidney biopsy technique for salmonids to obtain tissue samples that are adequate for FA, direct immunohistochemical, and histopathologic examination. This experiment demonstrated a successful method for obtaining kidney tissue from adult broodstock steelhead trout for determination of BKD infection status in a nonlethal manner. This experiment had an 80% survival rate with minor complications (hepatic adhesions) associated with the surgical process. In the 1 fish that died immediately after surgery, death was due to an iatrogenic cardiac laceration and subsequent hemorrhage, The death of the other fish was associated with cardiac biopsy. Other advantages of this surgical procedure include 1) the short time period required for the surgical process, 2) the large number of fish that can be biopsied at 1 time, and 3) the lack of needed aftercare. Additionally, the fish were not clinically affected by the surgical procedure. The disadvantage of this procedure is the need for trained surgical expertise because of the close proximity of the heart and liver to the kidney tissue. Because 9 of the 10 fish were males, the affect of spawning on these fish was undetermined, however, it is thought that the spawning of female fish would not be affected by the surgical procedure.
In this experiment, FA tests and direct immunohistochemical evaluations were performed at a separate site from the surgical procedure; however, in-house FA and immunohistochemistry would allow separation of BKD-infected from non-BKD-infected fish on the same day as the surgical procedure was performed. Implementation of this surgical procedure appears to be practical and could provide a tremendous amount of information regarding the status of BKD infection in these fish, dependent upon the postsurgical diagnostic methodology chosen. The ability to determine the BKD infection status of broodstock prior to spawning could potentially eliminate the use of BKD-infected broodstock and consequently eliminate the vertically transmission of this disease. However, more testing of this surgical procedure is necessary to determine its affect upon spawning and its feasibility for large scale usage.
